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DESCRIPTION 

METHOD OF EXPANDING TYPES OF SYNCHRONOUS MOTORS 
AND SYNCHRONOUS MOTORS PRODUCED BY THE METHOD 
Technical Field 

The present invention relates to a method of expanding types of 
synchronous motors to obtain synchronous motors having different 
specification values with respect to torque and/or inertia, and 
synchronous motors produced by the method. 

Background Art 

As an alternating-current motor, there is known a synchronous 
motor comprising a rotor having permanent magnets therein and a stator 
having windings thereon. In setting types of synchronous motors, motor 
characteristics of torque and rotor inertia are determined to have different 
specification values in series of motors, to thereby obtain expanded types 
of synchronous motors. 

There are defined a variety of series such as a standard series 
having standard specification values of torque and rotor inertia, a low- 
inertia series having a small rotor inertia specification value relative to 
the torque specification value, and a high-torque series having a large 
torque specification value relative to the rotor inertia specification value, 
and motors in each series have output torque and rotor inertia values 
different from one another to be approximate multiples of that of the 
other one. 

FIGS. 4a and 4b illustrate the arrangements of conventional 
synchronous motors, wherein FIG. 4a shows the combination of a stator 
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and a rotor for constructing a standard-series motor having standard 
specification values of torque and rotor inertia, and FIG. 4b shows the 
combination of a stator and a rotor for constructing a low-inertia series 
motor having a smaller rotor inertia specification value. 
5 In FIG. 4a, a standard series synchronous motor 10 is constituted 

by combination of a stator 1 1 and a rotor 12. The stator 1 1 comprises a 
stack of steel plates with an overall height H, each steel plate having a 
center hole 15 for receiving the rotor 12 therein and grooves 13 for fitting 
windings on an inner periphery of the hole 15. The rotor 12 has a 

10 diameter h x such that it can be inserted into the hole 15 of the stator 11,; 
and has permanent magnets 14 arranged circumferentially. 

A low-inertia series synchronous motor 20 shown in FIG. 4b is 
constituted by combination of a stator 21 and a rotor 22. The stator 21 
comprises a stack of steel plates with the overall height H, each steel 

15 plate having a center hole 25 for receiving the rotor 22 therein and 
grooves 23 for fitting windings on the inner periphery of the hole 25. 
The rotor 22 has a diameter h 2 such that it can be inserted into the hole 
25 of the stator 21, and has permanent magnets 24 arranged 
circumferentially. To reduce the rotor inertia, the diameter h 2 of the rotor 

20 22 is smaller than the diameter hj of the rotor 12 for the standard series, 
and the stator 21 also has a smaller inner diameter corresponding to the 
small diameter h 2 of the rotor 22. Generally, the permanent magnets 14 
and 24 used in the rotors of the conventional synchronous motors are 
made of a magnetic material such as ferrite. 

25 Thus, the conventional synchronous motor has a construction such 
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that one stator shape is associated with one type of rotor to be inserted 
into the stator, and the synchronous motor characteristics and the stator 
shape are in one-to-one relation. Each series of synchronous motors is 
therefore constructed by the selective combination of one of groups of 
5 stators having an identical sectional shape but different stack lengths, 
with rotors associated with the selected stator group. 

FIGS. 5 and 6 illustrate a conventional method for expanding types 
of synchronous motor, wherein FIG. 5 shows stator groups and rotor 
groups in the conventional method, and FIG. 6 shows standard-series 

10 motors and low-inertia series motors constructed by combining the stator 
groups and the rotor groups. 

In FIG. 5, the stator groups and the rotor groups are shown on the 
left-hand and right-hand sides of the figure, respectively. The stator 
groups consist of a large-diameter stator group including stators SA, SB, 

15 SC and SD having a large-diameter hole for receiving a rotor therein, and 
a small-diameter stator group including stators Sa, Sb and Sc having a 
small-diameter hole for receiving a rotor therein. For the rotor groups, 
two different outer diameters, that is, large and small outer diameters, are 
set in accordance with to the rotor inertia, and thus the rotor groups 

20 consist of a large-diameter rotor group including rotors RA, RB, RC and 
RD having large diameters, and a small-diameter rotor group including 
rotors Ra, Rb and Rc having small diameters. The stators and the rotors 
have their diameters and lengths set in accordance with characteristics of 
synchronous motors to be obtained. 

25 The heights of the stators SA-SD and the rotors RA-RD are set to 
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bemultiples of L, i.e., L, 2L, 4L, 8L, and the heights of the stators 
Sa-Sc and the rotors Ra-Rc are set to be multiples of L, i.e., L, 2L, 4L, 

To construct a plurality of series of synchronous motors using 
5 stator groups having respective identical sectional shapes and different 
stack lengths, stator-rotor combinations are selected from among the 
stator and rotor groups shown in FIG. 5 in accordance with required 
synchronous motor characteristics, thereby obtaining synchronous motors 
of standard series and low-inertia series as shown in FIG. 6. In FIG. 6, 

10 the right-hand side shows standard series motors having standard torque? 
and rotor inertia specification values, and the left-hand side shows low- 
inertia series motors having relatively small rotor inertia specification 
values. Each series aligned in a column comprises stator-rotor 
combinations of which the torque values and inertia values are 

15 respectively different from one another to be multiples of a fundamental 
value. 

For example, in a first row across the two series (the uppermost 
horizontal combination), a standard series motor has a rotor inertia 
specification value of J and a torque specification value of T. To 
20 construct a low-inertia series motor having a smaller rotor inertia 

specification value, a stator and a rotor both having a smaller diameter 
are selected and combined, whereby an expanded type of synchronous 
motor is obtained. 

In the conventional method of expanding synchronous motor types, 
25 one stator shape is associated with one type of rotor to be inserted in the 
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stator and the synchronous motor characteristics and the stator shape are 
in one-to-one relation, as stated above. Accordingly, to construct a 
series of synchronous motors using a group of stators having the same 
sectional shape but different stack lengths, as many stator types as the 
5 rotor types are required, giving rise to a problem that a large number of 
types of stators are needed. 

The conventional method for expanding synchronous motor types 
also has a problem that when the stator height and the rotor length are 
changed in order to alter the torque specification value, the rotor inertia, 
10 also changes with the change of the stator height and the rotor length. 
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Table 1 above shows how respective torque and rotor inertia 
specification values are achieved by the standard series motors and the 
low-inertia series motors according to the conventional synchronous 



motor type expansion method. For example, a motor with the torque 
specification value T and the rotor inertia specification value J can be 
realized by a standard series type A, and a motor with the torque 
specification value T and the rotor inertia specification value J/2 can be 
realized by a low-inertia series type a. In Table 1, symbols A to C and a 
to c affixed to the end of the respective series names denote motor types 
of which the stator-rotor combinations are shown in FIG. 6. 

Referring to Table 1, in the case where the torque specification 
value of the standard series type A is required to be changed to 2T, such 
requirement can be satisfied by the standard series type B in the 
conventional synchronous motor type expansion method, as indicated by 
the broken-line arrow. However, in this case, not only the torque but the 
rotor inertia increases doubly, and it is not possible to change only the 
torque specification value without changing the rotor inertia. 

Disclosure of Invention 
An object of the present invention is to reduce the number of stator 
types needed and thereby permit stators to be used in common in cases 
where a plurality of series of motors are constructed by using a group of 
stators having an identical sectional shape and different stack lengths. 
Another object of the invention is to cut down the cost of expanding 
synchronous motor types by the common use of stators. 

Still another object of the present invention is to permit expansion 
of synchronous motor types in such a manner that only the torque 
specification value or onlyu the rotor inertia specification value can be 
changed. 
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A synchronous motor type expansion method of the present 
invention comprises the step of: preparing a group of stators by stacking 
stator cores of identical shape so that heights of the stators are different 
from one another to be multiples of a fundamental height in accordance 
5 with predetermined output torque specification values and predetermined 
rotor inertia specification values; preparing a plurality of groups of rotors 
so that lengths of the rotors in each group are different from one another 
to be multiples of a fundamental length in accordance with the 
predetermined rotor inertia specification values, the rotors in each group 

10 being provided with permanent magnets having a residual magnetic flux; 
density different from that of permanent magnets of the rotors in another 
group in accordance with the preset output torque specification values; 
selecting a stator from the prepared group of stators and a rotor from the 
prepared groups of rotors in accordance with a preset output torque 

15 specification value and a preset rotor inertia specification value and 
combining the selected stator with the selected rotor. 

According to the motor type expansion method of the present 
invention, a stator and a rotor are selected in accordance with desired 
torque and rotor inertia for a synchronous motor to be constituted from 

20 the group of stators and the groups of rotors prepared in advance, and are 
combined with each other. Each stator in the stator group can be formed 
by a single type of stator cores having an identical shape to have 
different height, so that the number of stator types is reduced, permitting 
the stators to use in common. 

25 Various stators in the stator group necessary for expanding the 
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motor type can be formed by changing only the number of stator cores of 
identical shape to be stacked, and thus the stator cores can be used in 
common. Various rotors in the rotor groups necessary for expanding the 
motor type can be prepared by a combination of different residual 
magnetic flux densities of permanent magnets and different rotor lengths. 

For changing the rotor inertia value according to the motor type 
expansion method of the present invention, the residual magnetic flux 
density of permanent magnets and the rotor length are altered to thereby 
change the rotor inertia value without changing the torque value. On the? 
other hand, for changing the torque value, the residual magnetic flux 
density of permanent magnets is altered to thereby change the torque 
value without changing the rotor inertia value. 

According to the motor type expansion method of the present 
invention, a plurality of series of synchronous motors are produced using 
the group of stators having an identical shape and different stack lengths 
to permit the stators to be used in common, thus making it possible to 
reduce the number of stator types to produce synchronous motors at low 
cost. . I 

The permanent magnets are arranged radially with respect to the 
rotor. In this case, the permanent magnets are attached to the rotor in 
various ways; for example, they may be affixed to the surface of the rotor 
or be embedded in the core of the rotor. 

Brief Description of Drawings 
FIGS, la to lc are diagrams showing different stator-rotor 
combinations according to a synchronous motor type expansion method 
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of the present invention; 

FIG. 2 is a diagram showing a stator group and rotor groups used 
in the motor type expansion method of the present invention; 

FIG. 3 is a diagram showing various stator-rotor combinations for 
5 constituting standard series, low-inertia series and high-torque series of 
synchronous motors according to the motor type expansion method of the 
present invention; 

FIGS. 4a and 4b are diagrams illustrating a conventional method of 
expanding synchronous motor types; . 
10 FIG. 5 is a diagram showing stator groups and rotor groups used m 

the conventional motor type expansion method; and 

FIG. 6 is a diagram showing stator-rotor combinations for 
constituting standard series and low-inertia series of synchronous motors 
according to the conventional motor type expansion method. 
1 5 Best Mode of Carrying out the Invention 

As shown in FIGS, la to lc, a synchronous motor of the present 
invention is constituted by combining a rotor having permanent magnets 
therein with a stator having windings fitted thereon. In constructing a 
plurality of series of synchronous motors using a plurality of stators 
20 having an identical sectional shape and different stack lengths to thereby 
expand motor types, motor characteristics with respect to torque and 
rotor inertia are set to have different specification values in series of 
motors. 

The following explains an example of motor type expansion, 
25 wherein various motor series are constituted by a standard series in 
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which the torque and the rotor inertia are set to respective standard 
specification values, a low-inertia series in which the rotor inertia 
specification value is small relative to the torque specification value, and 
a high-torque series in which the torque specification value is large 

5 relative to the rotor inertia specification value, and motors in each series 
are designed so that their output torque value or rotor inertia value is 
different from one another to be approximate values obtained by 
multiplying a fundamental value by integers. i- X \ : J.. 

FIG. la shows the combination of a stator and a rotor used for gj 

10 constructing a standard series motor having standard torque and rotor 
inertia specification values. FIG. lb shows a stator-rotor combination 
used for constructing a low-inertia series motor having a relatively small 
rotor inertia specification value, and FIG. lc shows a stator-rotor 
combination used for constructing a high-torque series motor having a 

15 relatively large torque specification value. 

In FIG. la, a standard series synchronous motor M is constructed 
by combining a stator 1 with a rotor 2. The stator 1 is formed by 
stacking stator cores, each comprising a steel plate having a center hole 5 
for receiving the rotor 2 therein and grooves 3 for fitting windings on the 

20 inner periphery of the hole 5, one upon another up to a stator height Hj . 
The rotor 2 has a diameter h such that it can be inserted in the hole 5 of 
the stator 1, and has permanent magnets 4 arranged circumferentially. 
The rotor 2 is formed so that its rotor length may l^e equal to the stator 
height H t of the stator 1 . | 

25 A low-inertia series synchronous motor LI shown in FIG. lb is 
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constructed by combining a stator 1 with a rotor 6. Like the stator 1 for 
the standard series shown in FIG. la, this stator 1 is formed using stator 
cores each of which comprises a steel plate having a center hole 5 for 
receiving the rotor 6 therein and grooves 3 for fitting windings on the 
5 inner periphery of the hole 5, but the stator cores are stacked up to a 

stator height H 2 . The rotor 6 has the same diameter h as that of the rotor 
2 for the standard series shown in FIG. la so that the rotor can be 
inserted in the hole 5 of the stator 1, and has permanent magnets 8 
arranged circumferentially. Since the stator 1 for the low-inertia series 

10 and that for the standard series have an identical sectional shape, the 
rotors 6 and 2 have the same outer diameter, but the residual magnetic 
flux density of the permanent magnets 8 differs from that of the 
counterpart. The rotor 6 is formed so that its rotor length may be equal 
to the stator height H 2 of the stator 1 . 

15 In FIG. lc, a high-torque series synchronous motor HT is 

constructed by combining a stator 1 with a rotor 6. The stator 1 and the 
rotor 6 are identical in structure with the corresponding ones for the low- 
inertia series shown in FIG. lb, except that the stator height and the rotor 
length are different and are equal to H,. Also, the rotor 6 is formed so 

20 that its rotor length may be equal to the stator height Hj of the stator 1 . 

As permanent magnets, various kinds of magnets having different 
residual magnetic flux densities, such as ferrite magnet or neodymium- 
iron-boron magnet (Nd 2 Fe 14 B) with high residual magnetic flux density, 
for example, are known and may be selectively used in accordance with 

25 the torque specification values. In the rotors 2 and 6 shown in FIG. 1, 
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the permanent magnets used are different in their material etc. so that the 
residual magnetic flux densities may be different from each other. 

As shown in FIGS, la to lc, the permanent magnets 4, 8 are 
arranged radially with respect to the rotor 2, 6. In this case, for rotors 
5 belonging to a rotor group using the permanent magnets with the same 
residual magnetic flux density, the permanent magnets 4, 8 are radially 
located at identical positions in circumferential and radial directions of 
the rotor 2, 6. 

The permanent magnets 8 may be affixed to the surface of a rotoE| 

10 body 6a by an adhesive material or the like, as shown in FIGS, lb an# f 
lc. To this end, radial recesses may be formed in the surface of the rotor 
and permanent magnets may be fitted in the respective recesses. 
Alternatively, permanent magnets may be embedded in the rotor body 6a. 
In this case, radial or axial holes are cut in the rotor core so that 

1 5 permanent magnets may be fitted into the respective holes. 

The synchronous motors according to the present invention have a 
construction such that one stator shape is associated with a plurality of 
types of rotors to be inserted in the stator, and the stators used have an 
identical sectional shape regardless of the synchronous motor 

20 characteristics. Where a plurality of series of synchronous motors are 
constructed using a group of stators having an identical sectional shape 
and different stack lengths, stators and rotors corresponding to respective 
ones of set output torque specification values and set rotor inertia 
specification values are selected from among the group of stators having 

25 different stator heights equal to respective ones of integral multiples of a 
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fundamental height, and groups of rotors of different types having 
different rotor lengths equal to respective ones of integral multiples of a 
fundamental length and having different combinations of residual 
magnetic flux density of permanent magnets and rotor length, and the 
5 selected stators and rotors are combined with each other. 

FIGS. 2 and 3 illustrate expansion of synchronous motor types 
according to the present invention, wherein FIG. 2 shows a stator group 
and rotor groups for synchronous motors according to the present 
invention and FIG. 3 shows various stator-rotor combinations selected * 

10 from the stator group and the rotor groups to construct motors of | 
standard series, low-inertia series and high-torque series. 

In FIG. 2, the leftmost column shows a stator group and the right- 
hand two columns show respective rotor groups. Stators in the stator 
group are formed using stator cores with an identical sectional shape, but 

15 different numbers of stator cores are stacked up to provide different 
stator heights. Rotors which have an identical diameter matching the 
hole in the stators, are classified according to residual magnetic flux 
density into a first group of rotors Rl to R4 using permanent magnets 
wiikM residual magnetic flux density B and a second group of rotors RIO 

20 to R40 using permanent magnets with a residual magnetic flux density 
2B. The stators and the rotors have different lengths set in accordance 
with the synchronous motor characteristics. 

The heights of the stators SI, S2, S3 and S4 and the heights of the 
rotors Rl, R2, R3, R4, RIO, R20, R30 and R40 are set so as to be equal 

25 to respective ones of multiples of L/2, that is, L/2, L, 2L, 4L, etc. 
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To construct a plurality of series of synchronous motors by using 
the group of stators having the same sectional shape and different stack 
lengths, stators and rotors are selected in accordance with respective 
synchronous motor characteristics, from among the stator group and the 
5 rotor groups shown in FIG. 2, and the selected stators and rotors are 
combined with each other as shown in FIG. 3, whereby standard series, 
low-inertia series and high-torque series of synchronous motors are 
constructed. : - 
Distinction between the low-inertia series and the high-torquei 

10 series is whether the output or size is the same as that of the standard 
series, and the two series use substantially identical combinations. 

In FIG. 3, the central part shows standard series motors having 
standard torque and rotor inertia specification values, the left-hand part 
shows low-inertia series motors having relatively small rotor inertia 

1 5 specification values, and the right-hand part shows high-torque series 
motors having relatively large torque specification values. The motors in 
each series, shown top to bottom in the figure, indicate stator-rotor 
combinations of which the torque values and inertia values are 
respectively different from one another and are equal to integral multiples 

20 of their respective fundamental values. 

For example, in the first row across the three series (the uppermost 
horizontal combination in FIG. 3), the standard series motor with a rotor 
inertia specification value J and a torque specification value T is 
constructed by combining the stator S2 having the stator height L, 

25 selected from the stator group, with the rotor R2 having the rotor length 
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L and using permanent magnets with the residual magnetic flux density 
B, selected from the rotor groups. To construct a low-inertia series 
motor corresponding to this standard series motor with the rotor inertia 
specification value reduced, the stator SI having half the above stator 
5 height, that is, L/2, is selected from the stator group, the rotor RIO 
having the rotor length L/2 and using permanent magnets with the 
residual magnetic flux density 2B is selected from the rotor groups, and 
the thus-selected stator and rotor are combined with each other. Thai,, 
the inertia value alone can be reduced by half without changing th# f 

10 torque value. ; ; |; 

To construct a high-torque series motor having a larger torque 
specification value, the stator S2 with the stator height L is selected from 
the stator group, the rotor R20 having the rotor length L and using 
permanent magnets with the residual magnetic flux density 2B is selected 

15 from the rotor groups, and the selected stator and rotor are combined 
with each other, whereby the torque value alone can be doubled without 
changing the inertia value. 

f Similarly, in the second row across the three series (the second 
horizontal combination in the figure), the standard series motor with a 

20 rotor inertia specification value 2J and a torque specification value 2T is 
constructed by combining the stator S3 having the stator height 2L, 
selected from the stator group, with the rotor R3 having the rotor length 
2L and using permanent magnets with the residual magnetic flux density 
B, selected from the rotor groups. To construct a low-inertia series 

25 motor corresponding to this standard series motor with the rotor inertia 
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specification value reduced, the stator S2 having half the above stator 
height, that is, L, is selected from the stator group, the rotor R20 having 
the rotor length L and using permanent magnets with the residual 
magnetic flux density 2B is selected from the rotor groups, and the 

5 selected stator and rotor are combined with each other. Thus, the inertia 
value alone can be reduced by half without changing the torque value. 
On the other hand, in order to construct a high-torque series motor with a 
larger torque specification value, the stator S3 having the stator height 2L 
is selected from the stator group, the rotor R30 having the rotor lengifi 2% 

10 and using permanent magnets with the residual magnetic flux density :2||| 
is selected from the rotor groups, and the stator and the rotor selecte<fJP^ 
this manner are combined with each other, whereby only the torque value 
can be doubled without changing the inertia value. 

Other expanded types of synchronous motors can be constructed in 

15 a like manner by using stators having an identical sectional shape. 



i 
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Table 2 above shows how respective torque and rotor inertia 
specification values are achieved by the standard series motors, the low- 
inertia series motors and high-torque series motors according to the 
synchronous motor type expansion method of the present invention. For 
exaiw|j§^a motor with the torque specification value T and the rotor 
me^^^fel^&m value J can be realized by the standard series type 2, 
and a^mi&^with the torque specification value T and the rotor inertia 
specification value J/2 can be realized by the low-inertia series type 1 . 
In Table 2, numerals 1 to 4 affixed to the end of the respective series 
names denote motor types of which the stator-rotor combinations are 
shown in FIG. 3. 

Referring to Table 2, when it is required that the torque 
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specification value of the standard series type 2 is changed to 2T, such 
requirement can be satisfied by the high-torque or low-inertia series type 
2 according to the synchronous motor type expansion method of the 
present invention, without changing the rotor inertia value, as indicated 
5 by the broken-line arrow in the table. Also, when it is required that the 
rotor inertia specification value of the standard series type 2 is changed 
to J/2, the requirement can be satisfied by the low-inertia series type 1 
without changing the torque value, as indicated by the outline arrow m*,.-; -: . 
the table. 

10 Table 2 also shows that a synchronous motor having an identical 

rotor inertia value but a different torque value can be constructed by 
selecting the magnitude of the residual magnetic flux density of 
permanent magnets attached to the rotor. 

According to the present invention, in constituting a plurality of 

15 series of synchronous motors using a group of stators having an identical 
sectional shape and different stack lengths, the number of required stator 
types is reduced, thus permitting the stators to be used in common, and 
also th© cost of expanding synchronous motor types is lowered. 
^ fig additions, when expanding synchronous motor types, it is 

20 possible to change only the torque specification value or the rotor inertia 
specification value. 



